The hospital environment, the design of buildings especially operating theaters and associated facilities play an important role in the spread of nosocomial infections and surgical site infection.
Introduction
The hospital environment, with its designed buildings especially operating theaters and associated facilities play an important role in the spread of nosocomial infections (1) , and surgical site infection (SSI) (2) .which represent the most common life-threatening sources particularly in patients undergoing different surgeries (3) .
The microorganisms, chiefly bacteria which colonies human skin, and constantly shedding from the skin to the operating theatre environment (4) , could be a source of surgical wound infection (5) , and the in low, middle and high income countries, there has been report of high rates and risks of surgical site infection (SSI), as a result of high density airborne bacteria, with high financial costs (6) (7) In the same context, the greatest number of bacteria in an operating room originates from the endogenous source (patient's flora) (8) (9) and occasionally from an exogenous source, such as medical personnel activities, all tools, instruments, and materials brought to the sterile field during an operation (10) (11) . Also movement between operating room and other hospital buildings without changing their gowns or slippers has been implicated (12) . Other researchers, published that cell phones may serve as vehicles for nosocomial infections among medical staff, patients, and the community (13) (14) .
Some studies, reported that most commonly isolated organisms are gram positive families cocci (Staphylococcaceae, Streptococcaceae) and Gram negative family bacilli Enterobacteriaceae (15) (16) .
Instruments and medical devices might act as a tool to spread microbes over the surgical field (17) (18) . Therefore, should be decontaminated and sterilized. Operating theatre, requires careful planning, maintenance and periodic checks, as well as, proper ongoing training and management behavior for health staff, to ensure a clean and safe surgical environment (15) (19) .
The aims of this study are to explore the readiness and suitability of the operating theaters to perform relatively safe surgical interventions, to what extent cleaning and sterilization procedures were effective, and lastly as a mean for infection control through diagnosis of bacterial contamination and identifying its type.
Materials & Methods:

Study Design: A descriptive survey study
Duration of the study: It cover 30 months, from 1 st January 2017 to 30 th June 2019.
Study Setting:
The study was conducted in Al-Yarmouk teaching hospital in Baghdad capital of Iraq. It is a 600 bed, multispecialty hospital with 32 operating theaters (OT). These OT distributed according to different branches of surgical practice as follow: eight rooms for general surgery (five for general and 3 for private); three for Urosurgery; four rooms for ENT surgery; two ophthalmology; three orthopedic rooms; and one for burn operations. Beside five operating theaters for gynecological operations and six obstetrics rooms.
Study sample:
Weekly swabs were collected from thirty-two (32) operating theaters in an average of (150) swabs. The total swabs collected during the study periods were (10486).
The main sterilizing and disinfectant materials used in infection control program in this hospital were Ethanol (222.4 mg/gl), 2% glutaraldehyde solution, N-(3-aminopropyl)-N-dodecylpropane-1, Ethanol (700mg/g), Quaternary ammonia propionate (DD1), Ethanol (N° CAS 64-17-5 : 226 mg/g) and polyhexamethylene biguanide chlorhydrate [9mg/g-N°CAS 27083-27-8] from (ANIOS-FRANCE). These materials are also used when a contamination was reported in any OT for sterilization and disinfection.
Bacteriological Sampling:On early morning of Sunday or Monday of each week, a thirteen well-trained bacteriologist staff wearing sterile gloves collected sterile cotton swabs moistened with a sterile isotonic liquid (NaCL-0.85%). These swabs drawn from the most critical and representative locations in operating theaters before the start of the surgical work (pre-operation), surgical equipment, instruments and room environment.
Swabs of three weeks out of four weeks were examined by the microbiology laboratory of the hospital, while the fourth week swabs sent to the Central Public Health Laboratory (CPHL)/Ministry of Health/Iraq using Stuart transport media (20) , this was considered as a quality control (standard) for the hospital microbiology laboratory diagnosis.
Samples Analysis
The swabs were labeled, and transferred to the Microbiology laboratory at the hospital within 30 minutes for microbiological analysis. Samples were inoculated on blood, MacConkey and sabouraud dextrose agars for bacteria and fungi respectively, being prepared according to the manufacturing companies. Plates were incubated aerobically for 48 to 72 h at 35°C for bacteria and 25°C for fungi. Identification of the isolates was done based on the standard microbiological procedures. Colony characteristics, gram reaction, and conventional different biochemical tests were used to identify the isolates (21) (22) .
Biochemical Tests:
After 24 hrs, if there was a microorganism's growth, we do Gram stain to differentiate the isolate, then biochemical identification was performed. If there is no growth, re-incubated to 48-72 hrs (23) . (24) .
Statistical analysis:
Data was entered in a computer using Statistical Package for the Social Sciences (SPSS) version 23 software. The data was tabulated and expressed as frequencies and percentages. P-value of less than 0.05 was considered as significant value.
Ethical issue: Required authority approval was obtained.
Results:
A total of 10485 swabs were collected from different operation theatres in different surgical departments inside the hospital. The highest number of swabs were collected from gynecological OT (1432swabs) followed by the general surgical OT (1416 swabs) then Urosurgery OT (1383 swabs), while the least number of swabs (763 swabs) were taken from burn OT.
Results showed that the highest rate of contamination was in the General surgical OT with 12.9%, followed by orthopedic OT (10.7%) then Urosurgery OT, ENT OT and Gynecology with (8.9%,8.1% and 7.1%) respectively. On the other hand, Private surgical OT and Ophthalmic OT recorded the least bacterial contamination with (3.6% and 3.1%) only. Figure-1 : represent the total swabs collected and its positive bacterial growth percent from different operation theatres in different surgical departments in the hospital. It has been noticed that the highest rate of contamination in year of 2017 was seen in General surgery OT and ENT OT with (15.2% and 12.5%respectively) (P-value= 0.009), whereas the contamination in Ophthalmology OT was significantly low (4.0%)(P-value= 0.0001).
During the first quarter of the year, swabs collected from the Urosurgery OT gave the highest rate of bacterial isolates (17.2%) followed by Orthopaedic (15.8%), while in the second quarter, General surgery OT and Obstetric OT found to be the most contaminated theatres among the others (21.9% and11.5%) respectively. In the same context,in the third quarterthe rate of bacterial growth in ENT and General surgery OT was (19.1% and 17.0% respectively), finally Gynecologic and Orthopedic OT recorded close results of bacterial contamination (11.8% and 11.5% respectively) in the fourth quarter of the year.
Urosurgery OT was one of the main three theatres that was swabbed with total of 567 swabs, in which there was a significant decrease in the percentage of contamination from the beginning of the year till the end of 2017,with total percentage of 9.9% (P-value= 0.0008). In comparison to 2017, the number of positive isolates in 2018 had decreased to 269 positive swabs only; moreover the number of positive swabs was decreasing throughout the year. The highest annual bacterial growth was in Orthopedic OT (12.1%) while the minimum contamination was in Burn OT (1.1%).
In the first 3 months of the year there was a total of 14.3% contamination mainly seen in General Surgery OT with (17.6%). However, during the second quarter, the total percentage of contamination noticeably decreased reaching to 6.0%, and the highest contamination rate was focused in Orthopedic OT (14.8%) though, this percentage decreased to 9.3% in the third quarter and went up again at the end of the year to record 10.6%, as the most contaminated theatre in the 4 th quarter of the year.
Gynecology OT, ENT OTand Obstetric OT showed significant increase in the rate of contamination with the following total percentages (4.3%, P=0.006), ( 2019 showed gradual decline in contamination when compared with the previous two years (2017,2018).However, the highest result of contamination was found in Obstetric OT (6.2%) followed by Orthopedic OT (6.1%) giving a rate of growth11.1% in first quarter and 6.5% in second quarter. The relationship between rate of contamination and different months of the year was not significant for all site of OT except the obstetric OT (P = 0.005). 31 Regardless to the types of bacteria, there is an overall decline in the number of isolates throughout the years of the study. However, the prevalence of Gram negative was higher than Gram positive.
The Total swabs in 2017 was 545 swabs, 373 were gram -ve and 172 swabs were gram +ve,this number decreased for both bacteria in the subsequent years, however, the rate of gram -ve was higher in year 2018 (84.8%), but it decreased afterwards in 2019 reaching (79.3%). In contrast, Grams' positive was at its highest rate (31.6%) in 2017, and at lowest rate (15.2%) in 2018. However, the least contamination was found to be caused by (Streptococcus pneumonia andG-ve bacilli, with one positive isolates (0.2%) in 2017, and these two bacteria never reported positive again in the subsequent years. Adding to that (Moraxella catarrhalis, and Citrobacter spp.) that were absent in the positive isolates of 2018 and 2019.
Moreover, the number of bacteria found in the isolates was decreasing subsequently, (Staphylococcus spp. And Acinetobacter baumannii) were not isolated in 2018, and (Staphylococcus aureus, Proteus mirabilis, Diphtheroid, Pantoea spp.) were reported negative in 2019. Theatres that belong to general surgery were receiving the highest amount of disinfectant materials, followed by Gynecology OTs and Urosurgery OTs. While Burns theatres were supplied with the least amount.
In general, during the year 2017 there was shortage in the amount of the disinfectant distributed to different OT. This supply increased during 2018 and 2019. 
Discussion:
The hospital environment is widely and naturally contaminated with microorganisms (25) . This contamination varies qualitatively and quantitatively in time, from one site to another, according to the services, and procedures applied (26) .
Total swabs collected from 32 operating theaters in Al-Yarmouk teaching hospital in Baghdad covered by this study during year 2017 were 4395 swabs, positive results were 432(9.8%), then in year 2018 total swabs drawn were 4248 the positive cultures were 269(6.3%) and during the first six months of the year 2019 the positive cultures were 84(4.6%) out of the total swabs 1842. Throughout the time of the study 10485 swabs were taken, gave a positive culture rate of 7.5% which was higher than the result of Najorta et al. in their study of five OT where culture positivity rate of swabs was 4.4% (27) , and a study conducted in Iraq where the prevalence was 3.7% in 2001 and 4.0% in 2002 (28) . While other studies reported of high rate of surface contamination like Al Laham study 24.7% (10) , Sserwadda et al study 44% (21) , 50% in Sergent et al study (25) , in Chen et al study the prevalence of 63.5% was reported (29) , and 57% from a study in Iran by Ekrami (30) . Whereas in Shiferaw et al study it rises up to 85.8% (31) , and further rise in Lalami et al study up to 96% a result of surface contamination in the hospital (not only the high risk area) conducted in 2016 (26) .
Okon et el found the rate of contamination was 85.9%; he therefore postulated other causes for high rate of positive swabs such as high traffic density of personnel in operating theatre, increased activity enhanced the dispersion of bacteria (6) .
Mohammed et al forward an explanation for this dispersed prevalence in the different studies attributed to occupancy density, traffic and movement, human activities, ventilation system and level of cleanliness as well as adherence to basic infection control (hand washing) (1) .
The current study shows the highest contamination rate found in the general surgery OT (12.9%) followed by orthopedic OT (10.7%)then Urosurgery OT and Gynecology with (8.9% and 7.1%) respectively. On the other hand, Private surgical OT and Ophthalmic OT recorded the least bacterial contamination with (3.6% and 3.1%) only. The presented findings agree with results published by Najorta et al., who obtained the highest growth from general surgery OT and least from ophthalmology OT (27) , and with a study by Anjali et al. who claimed that it is most probably due to highest patient load in the general surgery OT (32) . However, the present results could be explained:by the continuous working for 24 hrs in the surgery OT, they were loaded with a prolong daily list of operations except for Friday, and finally they received the causal cases and traumatology cases. These conducive to insufficient time interval between operations for full sterilization and well preparation of the field for next operation. Grams' negative had higher rate of growth than Grams' positive in 2017, 2018 and 2019 at a rate of (68.4%), (84.8%), and (79.3%) respectively,while Gram' positive result in current study was(31.6%, 15.2% and 20.7%)respectively. These percentage are widely acceptable with Lalami in 2016 who reported the presence of Gram negative with a predominance 73.33% and Gram positive that represented by 26.67% (26) . In contrast, our results are not in agreement with a study conducted by Lemmen et al. in 2004 showed a percentage of contamination of 24.7% by the Gram positive bacteria, and only 4.9% by Gram negative bacteria (34) . Furthermore, a study done in Erbil /Iraq by Baban et al, they recorded a percentage of Gram positive cocci 59 (83.1%) and Gram-negative bacilli 12 (16.9%) (35) .
In this study, out of 10485 swabs taken, 785 swabs showed a growth of different types of bacteria such as: (6) . In another study conducted by Gebremariam & Declaro who found that Bacillus was the predominant organism isolated from different articles and surfaces (16) .Lalami et al found dominance of Bacillus spp. (30%) (26) . Several researchers who reported, the culture positive swabs yielded 210 isolates in Najotra et al. study, Bacillus spp. with 184 (87.6%) isolates was the most common bacterial isolate followed by coagulase-negative Staphylococcus (CoNS) with 17 (8.1%) isolates (27) , and this is in concordance with other studies from India (32) (36) . E. coli is commonly associated with community infections according to Bhatta et al., isolation of E. coli from these sites indicates possible role in serious nosocomial infections (37) .Mishra and Wadhai stated that the bacterial pathogens were isolated comprising of Pseudomonas spp. had the highest percentage of occurrence in surface samples (38) .
In our study G. positive bacteria; S. pneumoniae and Diphtheroid were isolated only once in 2017 and once in 2018, while A. baumannii as a G.negative bacteria isolated once in year 2019. Other studies have shown the presence of Acinetobacter species, Pseudomonas species and E coli on inanimate objects of hospital (39) (40) . These species are well known nosocomial pathogens (37) .
In the year 2018 and first half of the year 2019, some types of bacteria were not isolated throughout that time such as Staph spp. Nancy et al reported 33.3% S. aureus isolation and 70% MRSA prevalence on biometric device surfaces (41) . This result was similar to Bardaquim et al. study where Staphylococcus spp. was the most frequent bacteria isolated on surfaces of the surgical room area. Overall, there was a predominance of Gram positive microorganisms. S. aureus coagulase negative was the microorganism most frequently found 50.7% of the samples (42) .
In our study G-ve bacilli was not isolated in the first half of the year 2019 after had been cultured in the years 2017 and 2018. This can be attributed to usage of better materials in cleaning and disinfection, health worker training and education, more sticking to the rules and instruction of infection control program in the hospital. in contrast to Meunier O. et al in 2005 who reported that some bacterial spp. seem not to be very accessible to bio cleaning, this probably due to its ability to spore formation (43) .
In general bacteria isolated from the OT in the hospital could cause a lot of medical problems from infection of surgical wounds to nosocomial infection of the health workers, patients and visitors. Mann et al. reported "persistence of pathogens in hospital environment increases the risk of infection among susceptible host" (44) .
That is why the role of surface contamination in transmission of pathogens is very important thing because transmission can be interrupted by appropriate hand hygiene (45) and cleaning/disinfection of environmental surfaces (46) .
Throughout three years of our research, not all OT were receiving a constant amount of disinfectant and sterilizing materials, such as: Surgery OT were receiving the highest amount of sterilizingproducts (253ml), followed by Gynecology OT(168ml),while Burns OT were supplied with the least amount(38ml), nevertheless, different percentages of bacterial isolates in OT affirm that theproviding more detergents doesn't necessarily help to reduce the level of contamination in our hospital while other factors that should be identified and managed correctly,these includecleaning and disinfections should follow a national guideline to reach the desired level of clean healthy environment in the OT. Since lacking of a guideline conducive to increase rate of contamination (47) . Following this guideline is essential to eliminate bacterial growth for effective prevention of post-operative infection (38) .
